Single and multiple turnover reactions in the ubiquinone-cytochrome b-c2 oxidoreductase of Rhodopseudomonas sphaeroids: the physical chemistry of the major electron donor to cytochrome c2, and its coupled reactions.
We have examined the thermodynamic properties of the physiological electron donor to ferricytochrome c2 in chromatophores from the photosynthetic bacterium Rhodopseudomonas sphaeroides. This donor (Z), which is capable of reducing the ferricytochrome with a halftime of 1-2 ms under optimal conditions, has an oxidation-reduction midpoint potential of close to 150 mV at pH 7.0, and apparently requires two electrons and two protons for its equilibrium reduction. The state of reduction of Z, which may be a quinone.protein complex near the inner (cytochrome c2) side of the membrane, appears to govern the rate at which the cyclic photosynthetic electron transport system can operate. If Z is oxidized prior to the flash-oxidation of cytochrome c2, the re-reduction of the cytochrome takes hundreds of milliseconds and no third phase of the carotenoid bandshift occurs. In contrast if Z is reduced before flash activation, the cytochrome is rereduced within milliseconds and the third phase of the carotenoid bandshift occurs. The prior reduction of Z also has a dramatic effect on the uncoupler sensitivity of the rate of electron flow; if it is oxidized prior to activation, uncoupler can stimulate the cytochrome rereduction after several turnovers by less than tenfold, but if it is reduced prior to activation, the stimulation after several turnovers can be as dramatic as a thousandfold. The results suggest that Z plays a central role in controlling electron and proton movements in the ubiquinone cytochrome b-c2 oxido-reductase.